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Abstract. We report on observations on the reproductive biology of viviparous sea snakes (Hydrophiinae) collected from 
marine fishing bycatches in Sri Lanka. Reproductive conditions were classified only in females by checking for the presence 
of eggs, embryos and vitellogenic follicles. A total of 33 specimens belonging to six species {Enhydrina schistosa, Hydrophis 
cyanocinctus, Hydrophis fasciatus, Hydrophis gracilis, Lapemis curtus and Thalassophina viperina) were represented by indi¬ 
viduals in active reproductive condition. The total number of eggs and embryos in females ranged from 3 to 16 ; the lowest 
number of eggs was observed in T. viperina and the highest in E. schistosa. These findings are among the first to be recorded 
for some species of sea snakes in the South Asian region. 
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Introduction 

The ‘true’ sea snakes (Hydrophiinae) are a recent, second¬ 
arily marine radiation of ~6o species occupying a wide 
range of mostly coastal habitats throughout the Indo- 
West Pacific (de Silva 1994, Heatwole 1999, Sanders 
et al. 2008). Many of these marine habitats suffer from in¬ 
tensive and destructive fishing and land-use practices that 
potentially threaten sea snakes (Heatwole 1997, Was- 
SENBERG et al. 1994). There have been alarming declines 
in several species, and a recent lUCN Red List Assessment 
listed 40% of sea snakes as “Data Deficient” (http://www. 
iucnredlist.org/). Basic knowledge of sea snake life his¬ 
tories, taxonomy and distribution ranges is thus urgent¬ 
ly needed if these vulnerable species are to be adequately 
conserved. 

Unlike the sea kraits (Laticauda), ‘true’ sea snakes are 
ovoviviparous and bear fully developed live young at sea 
(Heatwole 1999). Ovoviviparity is plesiomorphic in hy- 
drophiine sea snakes as they are phylogenetically nested 
within an ovoviviparous clade of the terrestrial Austral¬ 
asian elapids (Keogh et al. 1998, Sanders et al. 2008). 
Current understanding of sea snake reproductive biolo¬ 
gy is still in its infancy: data on breeding habitats, sea¬ 
sonality and reproductive output are scant and reproduc¬ 
tive behaviour is well-understood only in a few of the 63 
species currently recognised (Burns & Heatwole 2000, 
Karthikayan et al. 2008, Lemen & Voris 1981, Masuna- 
GA & Ota 2003, Voris & Jayne 1979, Ward 2001). 

Nineteen species of marine snakes in three families 
(1 acrochordid, 2 homalopsids and 16 elapids (15 in Hy¬ 
drophiinae and 1 in Laticauda)) are known to inhabit the 
costal waters of Sri Lanka (Das & de Silva 2011, Abyera¬ 


mi & Shivashanthini 2008). Except for a few anecdo¬ 
tal notes and brief accounts by Wall (1921a and 1921b), 
the reproductive biology of Sri Lankan marine snakes is 
poorly documented. In this communication, we report 
preliminary observations on the sex, reproductive status 
and reproduction of six species of hydrophiine sea snakes 
collected as fishing bycatches in different coastal regions 
of Sri Lanka. We believe that the observations reported 
here will contribute to the knowledge of the natural his¬ 
tory and benefit the conservation status of Sri Lankan sea 
snakes. 


Materials and methods 

The specimens described in this account were collected 
as bycatches from coastal marine fishing at five localities 
in Sri Lanka between March of 2010 and January of 2011 
(see Table 1 for collection localities and dates). The details 
of the collection localities provided here are based on the 
information we obtained for the specimens from fisher¬ 
men, but could actually lie between 4-5 km off the coast. 
This work represents the preliminary phase of an ongo¬ 
ing island-wide survey of Sri Lankan marine snakes by the 
authors (AdS, KLS and KDBU). After taking tissue sam¬ 
ples for molecular studies, specimens were fixed in 10% 
Formalin solution and later transferred to 70% Isopropyl 
alcohol for preservation. Identification of specimens is 
based upon published diagnostic keys (Smith 1926, Ras¬ 
mussen 2001, SOMAWEERA & SOMAWEERA 2OO9) and fol- 
lows the nomenclature of Rasmussen (2001). Snout-vent 
lengths (SVL) and tail lengths (TL) were recorded in mil¬ 
limetres and taken with a measuring tape. The specimens 
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Table 1. List of specimens in active reproductive condition and their respective collection dates and localities 


Species 

Field No. 

Date of collection 

Collection Locality 

E. schistosa 

KLS0004 

27.Mar.2010 

Puttlam Lagoon, Sri Lanka 


KLS0087 

27.Mar.2010 

Puttlam Lagoon, Sri Lanka 


KLS0007 

25.Jun.2010 

Pubudugama, Puttlam, Sri Lanka 


KLS0018 

24.Jun.2010 

Kudiramalai, Puttlam, Sri Lanka 


KLS0020 

24.Jun.2010 

Kudiramalai, Puttlam, Sri Lanka 


KLS0023 

23.Jun.2010 

Kudiramalai, Puttlam, Sri Lanka 


KLS0025 

24.Jun.2010 

Kudiramalai, Puttlam, Sri Lanka 


KLS0026 

24.Jun.2010 

Kudiramalai, Puttlam, Sri Lanka 


KLS0087 

27.Mar.2010 

Puttlam Lagoon, Sri Lanka 

H. cyanocintus 

KLS0060 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0061 

24.0ct.2010 

Kirinda, Hambantota, Sri Lanka 


KLS0065 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 

H. fasciatus 

KLS0022 

08.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0075 

08.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0076 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0098 

08.Dec.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0102 

08.Dec.2010 

Valvettithurai, Jaffna, Sri Lanka 

H. gracilis 

KLSOlOO 

09.Dec.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLSOlOl 

09.Dec.2010 

Valvettithurai, Jaffna, Sri Lanka 

L curtus 

KLS0003 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLSOOlO 

25.0ct.2009 

Pottuvil, Ampara, Sri Lanka 


KLS0045 

29.Mar.2010 

Pulmodai, Trincomalee, Sri Lanka 


KLS0047 

24.0ct.2010 

Kirinda, Hambantota, Sri Lanka 


KLS0050 

28.Apr.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0051 

28.0ct.2010 

Point Pedro, Jaffna, Sri Lanka 


KLS0052 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 

T viperina 

KLS0078 

28.Apr.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0079 

28.Apr.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0081 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0082 

29.Apr.2010 

Point Pedro, Jaffna, Sri Lanka 


KLS0083 

30.Apr.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0084 

07.May.2010 

Valvettithurai, Jaffna, Sri Lanka 


KLS0085 

28.Apr.2010 

Valvettithurai, Jaffna, Sri Lanka 


were dissected in the laboratory to classify gut contents, 
sex and reproductive status. The reproductive status was 
identified only in females by checking for eggs, embryos 
and vitellogenic follicles. It was not possible to evaluate 
the reproductive status of males because their being fixed 
in formalin made it difficult to distinguish between turgid 
and flaccid testes and identify sperm in the efferent ducts. 
The lengths and widths of the eggs were measured in mil¬ 
limetres by means of a Mitutoyo digital Vernier calliper. 
All the specimens described in this account will eventually 
be deposited in the Zoology Department of the Nation¬ 
al Museum of Sri Lanka and the Museum of the Depart¬ 
ment of Wildlife Conservation Training Center, Giritale, 
Sri Lanka. 


Results 

A total of 104 specimens comprising 10 species were col¬ 
lected during the course of the survey; of these, six spe¬ 


cies (33 specimens) were represented by individuals in ac¬ 
tive reproductive condition (see Table 2). The remaining 
four species {Hydrophis spiralis, H. lapemoides, H. ornatus, 
Pelamis platura) were represented by non-reproductive fe¬ 
males and are omitted from the descriptions below. 

Enhydrina schistosa (Daudin, 1803 ) 

During the course of the survey, 17 specimens of E. schisto¬ 
sa were collected. Twelve of these were females and four 
were males. Two specimens (KLS0004, KLS0087) collect¬ 
ed in March 2010 contained 10 and 11 vitellogenic follicles, 
respectively. Five specimens collected in June 2010 from 
two different locations in the Puttlam Lagoon, Sri Lanka, 
were gravid. Their numbers of eggs ranged from 7-16. The 
total lengths (TOTL) of the gravid females ranged from 
1011-1893 mm with a mean of 1161 mm. Mean lengths 
and widths of the eggs were 32.41 (±4.04) and 26.00 mm 
(±4.33), respectively (Figure lA). 
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Table 2 . Details of gravid female specimens, eggs and embryos. 


Species 

Field No. 

Length (mm) 

SVL TL 

No. of eggs 

No. of 
embryos 

Avg. egg size (mm) 

Length Width 

Avg. embryo 
measurements (mm) 
SVL TL 

E. schistosa 

KLS0007 

983 

122 

10 

- 

30.18 

24.38 

- 

- 


KLS0018 

1,128 

143 

11 

- 

37.63 

30.25 

- 

- 


KLS0020 

1142 

141 

15 

- 

25.87 

20.93 




KLS0023 

909 

115 

14 

- 

25.47 

22.85 

- 

- 


KLS0025 

890 

121 

7 

- 

31.47 

25.66 

- 

- 


KLS0026 

1,774 

119 

16 

- 

32.60 

26.10 

- 

- 

H. cyanocinctus 

KLS0060 

1,181 

104 

- 

5 

- 

- 

287.83 

52.00 

H. fasciatus 

KLS0098 

925 

68 

4 

- 

32.68 

18.14 

- 

- 


KLS0102 

920 

67 

7 

- 

29.48 

16.98 

- 

- 

H. gracilis 

KLSOlOO 

880 

73 

4 

- 

22.49 

9.34 

- 

- 

L. curtus 

KLS0006 

648 

79 

4 

- 

10.39 

5.25 

- 

- 


KLS0046 

678 

64 

10 

- 

42.71 

22.11 

- 

- 

T viperina 

KLS0078 

582 

68 

- 

2 

- 

- 

211.00 

33.50 


KLS0079 

692 

81 

- 

6 

- 

- 

229.60 

33.80 


KLS0081 

590 

74 

1 

2 

34.49 


239.00 

34.00 



Figure 1. Sea snake eggs: A: of Enhydrina schistosa, B: of Hydrophis fasciatus, C: of Hydrophis gracilis, D: of Lapemis curtus. 


Hydrophis cyanocinctus (Daudin, 1803 ) 

Twelve specimens of H. cyanocinctus were collected in dif¬ 
ferent coastal waters in the north and south of the island: 
eight were females and three were males. Two females, 


KLS0061 and KLS0065, contained 15 and 18 vitellogenic 
follicles, respectively. One specimen (KLS0060) with a to¬ 
tal length of 1285 mm contained five fully developed em¬ 
bryos. The specimens KLS0060 and KLS0065 were collect¬ 
ed in early May of 2010 and KLS0061 was collected in late 
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October of 2010. The total lengths of the females in active 
reproductive condition ranged between 965 and 1285 mm. 
The mean SVL and TL of the fully developed embryos were 
287.83 and 52.00 mm, respectively (Figure 2 A and B). 

Hydrophis fasciatus (Schneider, 1799) 

Out of the eight specimens of H. fasciatus collected during 
the survey, five were females and three were males. Three 
females collected in the first week of May 2010 from Vel- 
vettithurai, Jaffna, contained vitellogenic follicles. Two 
specimens (KLS0098 and KLS0102) collected from the 
same locality on 8 December 2010 contained four and sev¬ 
en eggs, respectively. The total lengths of the females bear¬ 
ing eggs and vitellogenic follicles ranged between 757 and 
993 mm. Mean lengths and widths of the eggs were 30.93 
and 16.88 mm, respectively (Figure iB). 

Hydrophis gracilis (Shaw, 1802) 

Six specimens of H. gracilis were collected from two differ¬ 
ent coastal areas of Sri Lanka. Two of these were females 
collected from Valvettithurai, Jaffna, on 9 December 2010. 
One (KLSoioi) contained vitellogenic follicles and the other 
specimen (KLSoioo) contained four eggs with mean lengths 
and widths of 22.49 and 9.34 mm, respectively (Figure iC). 


Lapemis curtus (Shaw, 1802) 

Twenty-one specimens of L. curtus were collected from dif¬ 
ferent coastal regions of Sri Lanka during the survey period. 
Of these, eleven were females and nine were males. Seven 
females collected in March, April, May and October of 2010 
contained vitellogenic follicles. Two females, KLS0006 and 
KLS0046, which were collected in March and April 2010, 
contained four and ten eggs, respectively. The total lengths 
of gravid females and females with vitellogenic follicles 
ranged between 539 and 911 mm. The mean lengths and 
widths of the eggs were 23.72 and 12.24 mm, respectively 
(Figure iD). 

Jhalassophina viperina (Schmidt, 1852) 

Nine specimens of T. viperina were collected from the 
northern coastal regions of Sri Lanka during the survey. Of 
these, seven were females ranging between 598 and 773 mm 
in total length. Four females contained vitellogenic folli¬ 
cles and three contained between two and six embryos and 
eggs. KLS0081 had two embryos and an egg. The average 
SVL and TL of the embryos (n = 9) were 227.56 and 33.78 
mm, respectively. All of these specimens were collected in 
late April and early May of 2010 from Velvetiturai, Jaffna 
(Figure 2 C and D). 



Figure 2. Sea snake embryos; A: Embryos of Hydrophis cyanocinctus in situ, B: an embryo of Hydrophis cyanocinctus ex situ, C: Em¬ 
bryos of Jhalassophina viperina in situ, D: an embryo of Jhalassophina viperina ex situ. 
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Discussion 

In this communication, we report new observations on 
the reproductive biology of six species of sea snakes. These 
findings are among the first to be recorded for sea snakes 
of the South Asian region. However, our sampling is not 
sufficient to infer population age structures, sex ratios or 
seasonal reproductive cycles. The following discussion also 
carries the caveat that our comparisons with published ob¬ 
servations on Southeast Asian and Australian sea snake 
populations are based on small sample sizes that might not 
be representative of reproductive patterns in these species. 

Our observations on the reproductive biology of Enhy- 
drina schistosa in the Puttlam Lagoon, northwestern Sri 
Lanka, indicates a possible season of birth between June 
and August. Collection of females with vitellogenic folli¬ 
cles in March and gravid females with well-developed eggs 
in June support this assumption. However, gravid females 
of E. schistosa were observed off the Malay Peninsula in 
January, February and March and the highest number of 
gravid females were seen in January-February (Lemen & 
VoRis 1981, VoRis & Jayne 1979). According to Voris & 
Jayne (1979), gestation occurs from November to Febru¬ 
ary, females give birth in January-March, and litter siz¬ 
es are around 30 or even more. A litter size of 30 is very 
high compared to our observations made in Sri Lanka. The 
highest litter size in our sample of gravid females was 16. 
According to Bergman (1943), the average number of eggs 
in the uterine tubes is five in E. schistosa collected from 
Java, Indonesia. A single female captured on the west coast 
of India contained 19 eggs with an average diameter of 
42 mm (Padate et al. 2009). In Sri Lanka, Wall (1921) re¬ 
ported that 4 to 9 young are born in February, measuring 
254 to 279 mm in TL. However, Wall s observations on the 
reproduction of Indian and Sri Lanka sea snakes does not 
fall within our range of observations with respect to breed¬ 
ing season. 

Only three specimens of H. cyanocinctus in active re¬ 
productive condition were present in our sample. The only 
gravid female in our sample was collected in early May. 
However, gravid females of H. cyanocinctus appear on 
the Malay Peninsula from January through April, and the 
highest numbers of gravid females are observed in March- 
April (Lemen & Voris 1981). Our observation comes close 
to this season, but more specimens are required for further 
study. According to Bergman (1943), the average number 
of eggs in the uterine tubes was ten in H. cyanocinctus col¬ 
lected from Java, Indonesia. In a study conducted on cap¬ 
tive H. cyanocinctus, which had been collected from the 
Coromandel coast in South India, females gave birth to 
3-5 young during January and February (Karthikayan 
et al. 2008). Karthikayan et al. (2008) further add that 
the TOTL of neonate males was 382 mm and 469 mm in 
females. Wall (1921b) reported that three females from 
India had three, eight and nine embryos, respectively. Ac¬ 
cording to Deraniyagala (1955), H. cyanocinctus in Sri 
Lanka produce 3 to 16 live young of 381 mm in TOTL 
at birth. Our observations on litter size and size at birth 
generally agree with the results of Deraniyagala (1955), 
Wall (1921b) and Karthikayan et al. (2008). 

Five females of H. fasciatus in active reproductive con¬ 
dition were present in our sample. The three females with 


vitellogenic follicles were collected in May, and two grav¬ 
id females were collected in December. Although data is 
insufficient to deduce a reproductive season, we presume 
that this species probably gives birth from January through 
March. In the Malay Peninsula, gravid females of H. fascia¬ 
tus were observed from January through April,, with high 
numbers of gravid females being collected in February and 
March (Lemen & Voris 1981). Wall (1921) reported of a 
gravid female with 4 eggs that had been collected on the 
coast of Madras (now Chennai), India, in June; this is con¬ 
sistent with our observation of four and seven eggs in Sri 
Lankan specimens. Our observations and suggestions of 
a reproductive season agrees with the observations on H. 
fasciatus from West Malaysia. 

The two females of H. gracilis in our collection were in 
an active reproductive condition at the time of their collec¬ 
tion in December. One was gravid with eggs and the other 
contained vitellogenic follicles. In a previous study con¬ 
ducted at the same locality by Abyerami & Shivashan- 
THiNi (2008), one of the 15 specimens of H. gracilis that 
were collected in February contained four embryos. In a 
study by Lemen & Voris (1981), a specimen collected of the 
Malay Peninsula in March-April was gravid. Wall (1921) 
reported that in India, H. gracilis usually gives birth to one 
to occasionally six young in July and August and newborns 
have a TOTL of between 330 and 380 mm. 

Nine of the 11 females of Lapemis curtus collected in 
our study were in an active reproductive condition. The 
two gravid females collected in the survey were sampled 
in March and April, while females with vitellogenic folli¬ 
cles were collected in March, April, May and October. In 
the Malay Peninsula, gravid females of L. “hardwickii” (a 
junior synonym of L. curtus) were collected from Janu¬ 
ary to April. However, the highest numbers of gravid fe¬ 
males were observed in January through March (Lemen & 
Voris 1981). Bergman (1943) found two eggs in the uter¬ 
ine tubes of L. “hardwickii” (curtus) collected from Java, 
Indonesia. The gestation period of L. ‘‘hardwickii” (curtus) 
from northern Australia falls into the period of September 
to December, and the average number of offspring per lit¬ 
ter is 8.5 (Ward 2001). As far as Sri Lanka is concerned. 
Wall (1921a) reported on a female L. curtus measuring 
635 mm in TOTL that had been collected in February and 
contained four eggs measuring 32 x 13 mm. Wall (1921b) 
further added that young were born between May and Au¬ 
gust, and embryos had a TOTL of between 215 and 355 mm. 
According to Deraniyagala (1955), L. curtus bears one or 
two young between May and August and neonates meas¬ 
ure ~445 mm in TOTL. Our data is insufficient to suggest 
a reproductive season in the study region, but our prelimi¬ 
nary results generally agree with the observations made by 
previous authors in Sri Lanka and West Malaysia. 

All of the seven female specimens of T. viperina collect¬ 
ed during the survey were in active reproductive condition. 
Four specimens contained vitellogenic follicles and three 
contained embryos and eggs. All of these specimens were 
collected in late April and early May. Despite its wide dis¬ 
tribution from the South China seas to the Arabian Gulf, 
very few reports are available on the reproductive biology 
of T. viperina. According to Lemen & Voris (1981), grav¬ 
id females of T. viperina were only collected in March and 
April on the Malay Peninsula. Our observations on this 
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species agree with the reproductive seasonality of penin¬ 
sular Malaysia populations. However, further sampling is 
needed to verify this. 

The preliminary data presented here are based on the 
first phase of a survey conducted by the authors on the ma¬ 
rine snakes of Sri Lanka. It is envisaged that on completion 
of the second phase of this survey, more extensive sampling 
will allow more detailed analyses of the individual species’ 
mating and birthing seasons and habitat requirements, sex 
ratios, and relationships among reproductive output and 
other life history traits. Although sea snakes are harvest¬ 
ed for skins in other regions of Asia (Auliya 2011), all the 
specimens reported here were collected as bycatches of lo¬ 
cal fishing and we found no evidence of deliberate harvest. 
However, the high volumes of sea snakes in bycatches indi¬ 
cate that fishing-related mortality poses a significant threat 
to these species in Sri Lanka. Improved knowledge of their 
reproductive ecology is urgently needed to assess the im¬ 
pact of these losses on sea snake populations in the waters 
surrounding Sri Lanka. 
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